The development of alternatives to antibiotics is crucial to limiting the incidence of antimicrobial 20 resistance, especially in prophylactic and metaphylactic use to control post-weaning diarrhea 21 (PWD). Feed additives, including bioactive compounds, could be a promising alternative. This 22 study aimed to test two bioactive compounds, sodium salicylate (SA) and a chestnut extract 23 (CE) containing hydrolysable tannins, on the occurrence of PWD. At weaning, 72 piglets were 24 assigned to four treatments that combined two factors: CE supplementation (with 2% of CE 25 (CE+) or without (CE-)) and SA supplementation (with 35 mg/kg BW of SA (SA+) or without 26 (SA-)). Then, 4 days after weaning, all piglets were infected with a suspension at 10 8 CFU/ml 27 of enterotoxigenic Escherichia coli (ETEC F4ac). Each piglet had free access to an electrolyte 28 solution containing, or not, SA. This SA supplementation was administered for 5 days (i.e., 29 from the day of infection (day 0) to 4 days post-infection (day 4). During the 2 weeks post-30 infection, supplementation with SA had no effect (P > 0.05) on growth performances nor on 31 fecal scores. A significant SA × time interaction (P < 0.01) for fecal scores and the percentage 32 of diarrhea indicated that piglets with SA did not recover faster and did have a second episode 33 of diarrhea. In contrast to SA treatment, inclusion of CE increased (P < 0.05) growth 34 performances and feed intake. In the first week post-infection, CE decreased (P < 0.001) the 35 overall fecal scores, the percentage of piglets with diarrhea, the days in diarrhea, and ETEC 36 shedding in the feces. There was a SA×CE interaction (P < 0.05) for ETEC shedding, 37 suggesting a negative effect of combining SA with CE. This study highlighted that, in contrast 38 to SA, CE could represent a promising alternative to antibiotics immediately after weaning for 39 improving growth performance and reducing PWD. 41 Post-weaning diarrhea (PWD) is a major enteric disease in pig production that occurs mainly 42 during the first two weeks after weaning. This problem causes substantial economic losses 43 due to high rates of mortality and morbidity, depression of feed intake and growth, and 44 increased costs of medication [1]. 45 Apart from the multifactorial etiology owing to several stressors, including nutritional, social, 46 and environmental changes, PWD is often related to infection with specific pathogens. 47 Enterotoxigenic Escherichia coli (ETEC) is a prevalent pathogen involved in PWD [2]. For 48 instance, in Switzerland, 42.5% of weaned pigs with diarrhea were identified as having ETEC 49 [3]. Those bacteria possess fimbriae that adhere to receptors located on the apical side of the 50 enterocytes and secrete enterotoxins, including heat labile toxin (LT) and heat stable toxin 51 (STb), which results in fluid secretion into the intestinal lumen, leading to dehydration and 52 acidosis, which ultimately results in diarrhea [4, 5]. 53 Antibiotics are usually used to treat this type of infection. However, the widespread use of 54 antimicrobials, especially in prophylactic and metaphylactic group treatments of weaned 55 piglets, has led to an increase in microbial resistance. A recent farm survey in Switzerland 56 reported that 70% of enterovirulent Escherichia coli (E. coli) isolated from pig suffering from 57 diarrhea were resistant to one or more antimicrobials [6]. The field of animal nutrition can 58 contribute to limiting the recrudescence of antimicrobial resistances by exploring nutritional 59 alternatives to antibiotics that prevent microbial infections. Some plants are known as 60 nutraceuticals because they exhibit antimicrobial properties for both susceptible and 61 multiresistant-drug bacteria [7]. It has been demonstrated in vitro that polyphenol-rich plants 62 can disrupt ETEC adhesion and inhibit some enterotoxins, including the LT from ETEC [8, 9]. 63 Among polyphenols, hydrolysable tannins from pomegranate and chestnut extract have been 64 shown to impair the growth of bacteria in vitro, including E. coli, Listeria monocytogenes, 102 The animals were housed in pairs in pens of 2.6 m 2 , which were divided into a concrete floor 103 and a galvanized steel floor. Each pen was equipped with a wooden box with straw bedding 104 beneath infrared lamps, a single feeder, a nipple drinker, and a drinking trough. Throughout 105 the experiment, the piglets were kept at an ambient temperature of > 25 °C and had free access 106 to feed, clean water, and a solution of electrolytes (NaCl hypertonic) added to their drinking 107 troughs daily. 108 Experimental design, diets and infection challenge 109 The study was conducted according to a completely randomized 2 × 2 factorial design. The 110 main factors were the CE supplementation (none [CE-] vs. with CE [CE+]), SA 111 supplementation (none [SA-] vs. with SA [SA+]), and the one-way interaction. The resulting 112 four experimental groups were 1) SA-/CE-, piglets receiving a standard diet without 113 supplementation; 2) SA-/CE+, piglets receiving a standard diet with CE and without SA 114 supplementation; 3) SA+/CE-, piglets receiving a standard diet supplemented with SA; and 4) 115 SA+/CE+, piglets receiving a standard diet supplemented with CE and SA.
Introduction Staphylococcus aureus, Yersinia enterocolitica, Salmonella enteritidis, and Clostridium 66 perfringens [10, 11] .
67
Pathogen infections provoke inflammatory responses that manifest in loss of appetite and 68 sometimes fever. Previous studies have reported an improvement in performance and a 69 reduction of diarrhea in weaned pigs receiving acetylsalicylic acid, also known as aspirin [12, 70 13] . Salicylate is an analogue of acetylsalicylic acid and is naturally present in some plants, 71 including sage (Salvia sp.) and sweet birch (Betula lenta). The primary mode of action of 72 salicylate is to inhibit cyclooxygenase and reduce prostaglandin E2 production, which 73 ultimately reduces the extent of inflammation and stimulates appetite. In addition, salicylate 74 has anti-secretory properties [14] .
75
Thus, the main purpose of the present study was to examine the consequences of 76 supplementation with chestnut extract (CE) containing hydrolysable tannins, either combined 77 or not with sodium salicylate (SA), on growth performance, severity of diarrhea, and bacterial 78 load using a previously established ETEC F4 infection model [15] . An additional goal was to 79 compare two quantitative methods, culturing and quantitative PCR (qPCR), for measuring 80 ETEC shed in the feces. Owing to their antimicrobial and anti-secretory properties, we 81 hypothesize that the inclusion of CE and SA will reduce the severity of diarrhea, with an 82 additive effect when the two compounds are combined.
83
Material and methods 84 Bacterial strain 85 The ETEC F4 strain was isolated from a piglet suffering from acute PWD at the Agroscope 86 Posieux (Switzerland) swine facility. The ETEC F4 strain was found to carry the genes for 87 fimbriae F4 (K88ac) and the enterotoxins STb and LT and to grow on an Eosin-Methylene Blue 88 (EMB) agar (CM0069, Oxoid; UK) medium supplemented with 50 µg/ml of rifampicin (rif50).
89
This isolate was stored at -80 °C. The day before infection, the isolate was incubated overnight 90 at 37 °C in Luria-Bertani broth with orbital shaking at 170 rpm. Subsequently, the ETEC F4 91 inoculum was centrifuged at 6000 rpm for 10 min at room temperature and resuspended in a 92 phosphate buffered saline (PBS) solution to contain approximatively 1 × 10 8 CFU/ml using the 93 optical density at 600 nm absorbance (Biowave II WPA, LABGENE Scientific SA; Châtel-Saint-94 Denis, Switzerland).
95
Animals and housing 96 The experiment was conducted in accordance with Swiss guidelines for animal welfare and 97 was approved by the Swiss cantonal veterinary office (approval number: 2016_14_FR).
98
To determine their susceptibility or resistance to ETEC F4ac, genotyping was performed on 99 ear biopsies from week-old piglets [16] . Then, 72 Large White male and female piglets 100 susceptible to ETEC F4ac were selected for the experiment. The piglets were weaned at 26 ± 101 1 days (mean ± SD) of age, at which time they weighed on average 7.2 ± 1.3 kg (mean ± SD).
116
A total of three farrowing series were necessary to obtain the 72 susceptible piglets (24 piglets 117 each). In each farrowing series, on the day of weaning, piglets were assigned to one of the 4 118 treatments by balancing the littermates and the weaning body weight (BW Feed intake per pen, weight and fecal scores 180 The feed intake per pen was recorded daily during the first week (days 0-7) and weekly in the 181 second week post-infection (days 8-14). Individual piglet BW was recorded on day -4 (the day 182 of weaning) and on days 0, 7, and 14. The gain-to-feed ratio per pen was calculated as the 183 sum of the two BW at the end of the period (first week or second week) minus the sum of the 184 2 BW at the beginning of the respective period within the same pen divided by the total feed 185 intake determined for the pen. The health status of each piglet was closely monitored 186 throughout the experiment. Piglets were observed visually twice a day before infection (days -187 4--1), then three times a day during the 5 days after infection (days 0-4) and then twice a day Detecting ETEC F4ac shedding in the feces using microbial culturing 204 and qPCR after DNA extraction 205 After collection, fecal swab samples were homogenized in 500 μl of sterile PBS for 2 h at room 206 temperature before serial dilution in sterile PBS from 10 0 to 10 -7 . For each dilution, 4 μl was 207 deposited as a droplet on an EMB rif50 agar plate. The plates were incubated overnight at 37 208°C, and colonies were counted on each droplet the next morning using binoculars [18] . The 209 mean of the count from two dilutions was used in the results. In addition, those colonies were 210 restricted on a nutrient agar rif50 plate (Becton Dickinson; UK) and cultivated overnight at 37
211°C to test for the presence of the LT toxin gene using PCR to ensure that the strains growing 212 in the feces were the same as the infection strain from the inoculum.
213
The feces initially frozen were then freeze dried. DNA was extracted from the dried feces 
Results

260
Growth performance and feed intake 261 Piglets ingested more (P < 0.001) feed and grew faster in the second week post-infection than 262 in the first ( 
290
The percentage of piglets with diarrhea was day-dependent (P < 0.001), with the maximum 291 percentage occurring at days 2 and 3 post-infection (Figs 2 A and 2B) . The effect of the SA 292 depended on the time (SA × Time interaction: P = 0.003), as in the SA-group, the percentage 293 of piglets with diarrhea increased until day 2, on which 35% of the piglets had diarrhea, and 294 then decreased progressively over days to reach 0% from day 11 onward. In contrast, in the 295 SA+ group, the percentage of piglets with diarrhea increased to 40% at day 2 and then 296 decreased drastically from 35% to 5% between days 4 and 5, when piglets stopped receiving 297 the SA. However, compared to the SA-group, in the SA+ group, from days 5-7, there was an 298 increase in the percentage of piglets with diarrhea, which decreased again over the following 299 days to stabilize at 4% at the end of the second week post-infection. The addition of CE 300 reduced (P < 0.001) the percentage of piglets with diarrhea. For instance, at 2 days post-301 infection, 60% of the CE-piglets had diarrhea, but only 16% of the CE+ piglets. 
Days in diarrhea 328
The SA supplementation had no effect on the number of days in diarrhea in the first and second 329 weeks post-infection (Table 3 ). In the first week post-infection, only the SA-/CE+ piglets tended 330 to have fewer days in diarrhea than the SA-/CE-ones, whereas no difference was observed 331 between the SA+/CE+ and the SA+/CE-groups (SA × CE interaction; P = 0.06). In the second 332
week post-infection, piglets fed the CE+ diet had fewer (P < 0.001) days in diarrhea than those 
348
Fecal ETEC shedding as determined using microbial 349 culturing and using qPCR 350 ETEC shedding in the feces was determined using both culturing and qPCR. Using either 351 method, the extent of ETEC shedding was not affected by the SA supply, but it was lower (P 352 = 0.01) in piglets fed the CE+ diet than in those fed the CE-diet (Figs 3 and 4 ). There was a 353 time effect (P ≤ 0.05), as ETEC shedding increased at day 1 post-infection. The results 354 obtained using qPCR also revealed a CE × time interaction (P = 0.02) due to constant shedding 355 around a value of 1.5 over time for the CE+ piglets (except at day 1), while the excretion profile 356 increased to a maximum of 1.94 at day 3 post-infection and then decreased from days 3-7 for 357 CE-piglets (Fig 4) .
358
The results obtained using the plate-count technique showed that independent of days post-359 infection, ETEC shedding was lower in the SA-/CE+ piglets than in the SA-/CE-ones, with 360 intermediate values for the SA+/CE+ and the SA+/CE-piglets (SA × CE interaction: P = 0.03; 361 Fig 5, black bars) . Using the qPCR technique showed that SA-/CE+ piglets excreted 362 numerically less ETEC in their feces than did piglets in the three other groups, however it was 363 no significant (SA × CE interaction: P = 0.19; Fig 5, white bars) .
364
The ETEC shedding results obtained using the plate culturing and qPCR methods correlated 365 weakly (Spearman rank coefficient = 0.53; P < 0.001; S1 Fig). In addition, the Bland-Altman 366 analysis of the range standardized log data according to Carstensen et al. [20] showed limits water. The CE-diet was a control standard starter diet, which was formulated according to the 411 Swiss feeding recommendations for pigs (Agroscope, 2017 
482
In the present study, supplementation with 2% CE for 19 days beginning at weaning improved 483 feed intake and average daily BW gain. Even though tannins are often considered to be an 484 anti-nutritional factor, the present results confirmed those of previous studies in which tannins 485 did not negatively affect animal performance [34, 35] . The improved performance of the CE+ 486 piglets is probably the consequence of a reduction in the occurrence of diarrhea in piglets fed 487 CE, because the CE did not improve feed efficiency.
488
In the present study, the substitution of 2% wheat straw with CE minimized the differences in 489 terms of ingredients and chemical compositions between the two diets. However, a slight 490 difference in terms of fiber contents can be noticed between the two diets. The diet including 491 CE contained slightly less crude fiber and more NDF, ADF, and ADL than the standard diet.
492
The source and chemical characteristics of fiber components affect the digesta retention time 493 and the fermentation profile in the gut microbiota. Increasing the content of less-fermentable 494 fiber is associated with a reduction in E. coli count in the feces [36] . In a recent study, The present experiment showed a slight effect of combining SA and CE on the number of days 502 in diarrhea (tendency) in the first week post-infection and on ETEC shedding determined using 503 plate counting. Interestingly, it seemed that SA erased the positive effect of CE, as CE 504 supplementation reduced (or tended to reduce) ETEC shedding and days in diarrhea only 505 when they were fed alone and not combined with SA. An increase in the level of intrinsic 506 antibiotic resistance has sometimes been observed when bacteria grow in the presence of 507 salicylate [38] . In E. coli, salicylate has increased the transcription of the multiple antibiotic 508 resistance operon marRAB [39] . In addition, the activation of the operon has decreased the 509 accumulation of antibiotics by reducing the synthesis of porins and has increased the 510 production of multidrug efflux pump [39, 40] . Such a mechanism could also be considered if hydrolysable tannins or their metabolites entered the bacteria. However, further investigations 512 are needed to elucidate the effects of salicylate on tannins.
513
Conclusion
514
The present study demonstrated that unlike SA, 2% hydrolysable tannins CE could be 515 beneficial directly at weaning to reduce PWD and thereby enhance piglet growth.
516
Nevertheless, the effect of CE should to be validated in larger-scale trials with more complex 517 conditions. Owing to the ability of hydrolysable tannins to affect various pathogens, it would 518 also be interesting to investigate whether this CE extract is able to affect other pathogens in 519 vivo. Finally, the effects of SA on tannins deserve further investigation.
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